airflow characteristics in the transport chamber of a sifting air-laying system of the Kroyer type [US patent 4,144,619] was reported. In Part 2, the fibre dynamics in the transport chamber of the machine are investigated. These are of major practical importance because they influence the process of web formation. High-speed photography was used to observe fibres in flight and their deposition onto the conveyor belt during web formation using fixed machine conditions. It was established that fibres move intensively in three dimensions at the top of the chamber and as they travel towards the landing area their motion becomes more uniform. Fibre landing behaviour was studied by analysing photographic images. Using standard machine settings, it was established that about 38% of fibres landed end-on before falling down flat onto the conveyor belt (Hit-Fall configuration) and about 30% of fibres landed flat (along their full length) but bounced before coming to rest on the conveyor belt (Hit and Bounce configuration). Fibres were deformed when passing through the top grid, causing permanent deformation that was evident in the fibres landing on the conveyor belt.
Introduction
The utilisation of high-speed photography as a means of visualising fibre flow in textile processes is well established. Lawrence and Chen [1988] used high-speed cine photography in their study of the removal of fibres from the opening roller and their passage through the transport channel during rotor spinning. Allen [1991] used the same technique to investigate the fibre flow in friction spinning. Lawrence and Jiang [1996] employed high-speed photography to observe fibres in flight and their deposition onto the forming end of a yarn in the disc-spinning process. High-speed photographic observations of fibres leaving metallic clothed cylinder in the transport chamber of a Fehrer K12-type air-laying machine have also been reported [Pourmohammadi 1998 ]. In the present research, high-speed photography was used to elucidate fundamental aspects of fibre motion in the transport chamber and fibre deposition onto the conveyor belt during a sifting air-laying process. Previously, little work of this type has been reported in the public domain.
Experimental procedure
To facilitate photography, it was necessary to construct a glass-viewing window at one side of the transport chamber. Initially, it was noticed that during air laying, fibres became electrostatically charged and adhered to the window, causing poor viewing conditions. A conductive-coated glass was therefore fitted to the viewing window to discharge the fibres and release them from the surface. In order to capture the fibres in such a large transport chamber (8 X 45 X 50 cm HWL) a matt black scaled diffuser plate was placed in the chamber to confine the photographic area. After extensive off-site testing with different optical arrangements, it was found that a viewing area of 17 X 19 mm, using a TV lens with 20 times magnification, and a camera-to-plate setting distance of 120 mm provided an acceptable image of the fibres in the transport chamber.
Preliminary studies in the transport chamber were undertaken using both a high-speed cine camera and a high-speed ORIGINAL PAPER/PEER-REVIEWED CCD video camera. Although the high-speed cine camera offers a higher framing rate and image resolution, high-speed video provides the advantage of ease of use, live picture setup, reusable recording media and most importantly immediate playback capabilities. Therefore, for most of the experimental work, a Kodak Ektapro HS (CCD video camera), Model 4540 was used. This system is capable of recording up to 4500 full frames per second (ffps) and 40,500 partial frames per second (pfps) with a resolution of 256 X 256 pixels, which is equivalent to 3000 ISO. The camera speed was set to 4500 ffps and a TV lens with the smallest aperture (to obtain the maximum depth of field) was used.
In this particular study, short (5 mm length), uncrimped, 28 dtex viscose rayon fibres were utilised. These fibres were obtained from a commercial fibre producer and while being coarser than typically used by the pulp industry, they were used as part of a wider study of this air-laying process concerned with the recycling of short fibre waste. The air/fibre mixture used in this experiment was 2.1m 3 of air/gr. of fibres. The machine settings used were summarised in Part 1 of this paper.
Experimental Results
As explained in the previous section, the optimum viewing area was 17¥19 mm and therefore, in order to visualise the whole chamber height (of 80 mm), it was necessary to establish four sections and photography was carried out separately in each section. About two hours of film footage was record- 
Summary of Observations in the Transport Chamber
Section I: In Figure 1 , the top grid through which fibres pass from the fibre dispersing zone to the transport chamber is shown at the top of the image. It was observed that a minority of fibres (about 23%) were slightly deformed by passage through the grid, causing permanent curvature, but most were not deformed and remained rod-like (Figure 1 ). Fibres were frequently retarded during their passage through the grid. The motion of fibres in this section was chaotic with intensive rotation and translation in all three dimensions (X, Y, Z). As fibres travelled further down through the chamber their motion became more uniform and the velocity of fibres generally increased, reflecting the trends in the airflow velocity results presented in Part 1 of the paper.
Section II: Figure 2 shows fibres in the second section of the transport chamber. Hooked and straight fibres are clearly evident. As mentioned above, the hooked configuration was usually created as fibres passed through the top grid. Interestingly, the shape configuration of fibres did not appear to be affected by airflow conditions in the transport chamber. It is important to mention that finer fibres may have shown different deformation behaviour as they pass through the top grid. It is likely that fibre configuration will depend on fibre rigidity and fibre length. This will be researched further.
Section III: In the third section of the transport chamber, fibres were subject to less rotation, reflecting a less turbulent airflow (the airflow was known to be more uniform in this region from results obtained in Part 1 of the paper). Figure 3 shows examples of fibres travelling through the third section and both bent and straight fibre configurations are again apparent. In general, the shape configurations of fibres moving from the top to the bottom of the transport chamber did not change. Despite rotation and interaction of fibres with others during transport to the conveyor belt, analysis of the film footage indicated that most fibres (about 78%) remained rod-like and straight as they passed through the transport chamber.
Section IV: Figure 4 shows the landing area. This is arguably the most critical region of the transport chamber because it is here that the web is formed. In this area, incoming fibres are decelerated and either hit the empty conveyor belt or land on previously laid fibres. It was observed that if fibres land on an empty belt, depending on the approach angle, they tended to bounce before coming to rest. The ends of some incoming fibres also became trapped in the holes of the conveyor belt mesh and therefore retain their incoming approach angle. When incoming fibres were deposited on an existing fibre layer, their approach configuration tended to be retained and the fibres were incorporated into the forming web structure with a similar orientation.
Fibre Landing Behaviour on the Conveyor Belt
Using typical machine settings the manner of fibre deposition on the conveyor belt was revealed. These conditions were defined in Part 1, Section 2.
In order to characterise the modes of fibre deposition on the conveyor belt a classification system based on extensive photographic evidence was introduced, as indicated in Figures 5a  and 5b . These photographic images of fibres were taken in the plane X = 120 mm and along the length of the chamber (Y = 160-350 mm). Figures 5a and 5b show sequential images of fibre deposition in each class. Based on the classification of 600 randomly selected individual fibres landing on an empty belt, a frequency distribution was constructed to characterise the landing behaviour of fibres during web formation ( Figure  6 ). Clearly, this behaviour will have a direct influence on the structure and therefore the physical properties of the formed web. It is apparent from Figure 6 that 38% of fibres landed onend before falling down (Hit-Fall), so that their longitudinal axis was parallel to the belt surface. From this experimental study we can also estimate the total proportion of non-straight fibres (i.e. curved fibres) landing on the conveyor belt, which is effectively the sum of classes D and F, i.e. 23%. Thus, it may be concluded that the majority of fibres deposited on the belt possessed a straight (rod-like) fibre configuration.
In Figure 7 , classification of the fibre landing configurations in six different positions along the length of chamber are shown in order to demonstrate how the sampling position affects the reproducibility of the results. It was observed that while variation is apparent, the general trend remains the same. The majority of fibres fall into classes B or C irrespective of the position along the length of chamber. 
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Determination of the Fibre Landing Angle
The landing angle of fibres on the conveyor belt was also obtained using the geometric method indicated in Figure 8 .
The angle (a) between the fibre line (i.e. the line AB in Figure 8 , which joins the two ends of the fibre) and the conveyor belt is described as the fibre landing angle. Figure 9 shows frequency distributions for the fibre landing angle taken at positions Y = 280-350 mm along the length of the chamber using the standard machine conditions and raw materials described in Part I. It may be observed that the majority of fibres land with an orientation of about 100-140 0 relative to the conveyor belt. This is connected with the wellknown non-planar structural architecture of many air-laid fabrics where fibres are orientated in three dimensions, producing bulky, low-density structures. 
Conclusions
Air-laid technology continues to be a major growth area in the nonwoven industry. Web uniformity and fabric properties will partly depend on an improved understanding of the web formation process and this article has explored some of the characteristics of the fibre dynamics in a short fibre air-laying system.
For the settings used, it has been revealed that at the top of the transport chamber fibres rotate intensively in all planes showing three-dimensional motion with variable velocities ranging from 0.5-2.0 m/s. In the landing area, if fibres hit the empty belt, it was found that 38% of all fibres land on-end before falling down (Hit-fall configuration) onto the conveyor belt and about 30% of fibres first land flat before bouncing and coming to rest. It was also concluded that a minority of fibres (23%) possess a curved or hooked configuration in the landing zone and that this curvature was imposed by passage of the fibres through the top grid. On an empty conveyor belt the fibre landing results showed that the majority of fibres land with an orientation of about 100-140 relative to the conveyor belt. When incoming fibres deposit on an existing fibre layer their approach configurations tend to be retained. 
